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POLYMER 



The present inveution relates to hyprabranclied polyaaiidoaminBs which sre 
useful in. inter alia gene transfection, to Its compositions wjlih useftil ageub, to its uses 
and to a process for jareparrag hyperbranched polyamidoamines in a single step. 

Gene therapy is a new arid potentiaUy revolutionaty technology which could 
dramatically restructure the way in which certain diseases are treated and possibly 
provide cures for currently untreatable genetic diseases. Advances in this technology are 
being seriously hampered by the lack of ejefeotive, safe and cheap tiansfectlon agents 
capable of deHvering therapeutio genes to the patient. Moreover, laboratory research is 
sufiFering dvw to the lack of B(fficient and versatile transfection agents requfced for 
. prelimiiiary investdgations into new therapies. 

As used herein, a vector is a compound which can delivea- DNA into cell lines, Tho 
pteserrt market fer gene transfection is dominated by viial (ie retroviral or adenoviral) or 
non-vii^ vectors such as synthetic cationic Kposotnes (Upoplexes). Viral vectors are 
very efficient at delivering DNA into cells but liave several dravvbaclcs mcluding the 
need for specialist handling conditions, immunogenicity and potentiaUy serious side 
effects (such as recombination of viral DNA wMh host DNA). The leading non-viral 
vector is LIPOPECTAMINE^. Hxe main disadvantage of this lipid based vector is that it 
is tojdc and has limited use in vivo being a dynamic stmeturo which can easily fell apart 
below a certain critical concenttadon Several attempts have been made to modify the 
structure of the l^id to make it less toxic (for example by adding, biocompatible 
molecules). To date, none of tii«»e attempts have been successful and toxicity is still fhe 
major drawback. 

Other non-viral vectors available on the market include polyamidoamine (PAMAM) 
dendriraers and several other synftiietio polymers (polyplwces) vMch ai;e mostly linear in 
stiixctur© or possess very limited branching (such as polyethyleneimine, polylysine and 
several other amino acid derived polymeis). PAMAM dendiimeis msy be tised intact or 
partiaUy degraded (often being referred to as activated dendrimers (eg SUPERPECT^). 
Generally these agents require activation (eg by thermal degradation). 

Dendrimers and hyperbranched polymers are attracting increasing leveb of interest in 
various 6e].ds of research- The molecules of a dendrimer are characterised by highly 
regular and radially symmetrical branchhig about a nitrogen core. The degree of 
branching is 100% and dendrlmets exhibit a precisely defined molecular weight. The 
synthesis of dendrxmfirs using iteradve synthetic procedures is well established. For 
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Qxan^jle, US-A-4568737, US-A-4587329, US-A-4558120, US-A-4507466 and US-A- 
4435548 describe the preparation of symTO^Ixical (fe NR3) PAMAM dendriittecs by 
perfQiriiojbDig on a core moiety (sucli as ammonia) successive Michael additions and 
auadatiODi using excess reagents or successive amidatioa aixd allsylation steps. 

Lira Bf. J Am Chem Soc, 2001, 123, 2460-2461 discloses the use of a certain 
hyperbnmohed polyaminoester for genes Ixansfectioxu The hyperbranched 
polyaminoester was prepaied by a PAMAM synthesis and modified prior to use as a 
transfecting agent. Lim et al reported that the modified polyaminoester coiHd transfeot 
DNA and exhibitBd low toxidty. Hovrever. several synthetic steps are required to 
syntfae^se the polyaminoestjcir and the transfcction efficiency is low. 

The present invention is based on the recognition that certain hypeibranohed 
pdlyamidQamiiws bub iesbJuI in inter fl/to gene transfection. More particularly, the 
present inveoticai seeks to provide inqnrovemeirts in gene iransfection available from 
certaia hypcrhranched polyamidoamines which may be both efficient and safe for use in 
clinical {applications. 

•niuB vkwed from a fiist aspect the present invention provides a hypexbianched 
polyamidoamine 'whose molecules arc characterised by a nitrogen cote linked to: 
a first irregularly branched aroidoanrino unit taoniaating in an amine group or a 
fhnctional derivative 1hereo:l^ 

a second irregularly brandisd amidoamine unit terminating in an annns group or a 
fimctional derivative thereof; and 

a iMrd irregularly branched amidoanmie unit tenninaling hi a caiboxylic acid or related 
group or a fimctional derivative thereo£ 

The molecules of the Igrecbranched polyamidoamine of the invention are 
collectively characterised by the irregularity of the branching m the first, second and 
ihiid amidoamine units and it is this which distinguishes Ihem situctuially over 
dendrimers and may account for tiidr more favoumblc prcq»erties. Due to the irregularity 
of the branching, a hyperbranched pdyaraidoaraine of the invention is not genexaHy 
cfaaracterisable by MS orNMR and (unlike a dendrimer) exhibits a broad GPC trace. 

The hyperbranched polyamidoamines of tiie hivention have potentially extensive 
Tilihty in numerous systems. Broadly spealdng, they ofSer a multiplici^ of functional 
groups together witii a large suifece area and internal volume and as such may be widely 
exploited as carriers, supports or substrates. The hyperbranched polyamidoammes of tiie 
invention at© typically stable for lengthy periods (e^ one year or more) and m^ be at 
least as effective in gene transfection as the market leaders. They are stnicmially more 
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flexible than denddmers and may have the advantage of being water solable. 

Preferably the hypertiraachfid polyamidoajiune can have a theoretical degree of 
branching up to 50%, particulady pieferably up to 67%, mow preferably up to 75%, 
xao$t preferably up to 80%. 

Preferably each of the first, second and third iiregularly branched anridoamine Traits 
which may be the same or different includes consecuiive. inregularly branched 
amidoamine moieties each having two or more (preferably two or three) amido groups. 

Preferably the amine groi^ or functional deqvative thereof (in whi<di the first and 
second irregularly branched, amidoamine unit tenjiinates) is a primary amine group or a 
fiinctional derivatrve thereof. The functional derivative of the amine groiq) njay be 
chosen to suit the desired firaction of the licyperbranohed polyamidoamine. For example, 
the functional derivative may be a secondary, tettiaiy oi quatemaiy amine group, an 
aromatic or aliphatic amide group, a cyano group, a sulphur containing group (eg a 
thioamide group), a cross-linking group (,eg for cross-linking to other polymers or 
oligomers), an anilino groiq> or an acyclic polynitrogen group (eg a guanidino, 
biguanidino, tdguanidino or m^do groiqp). 

Preferably the functional derivative is an amine groiwp substituted with one, two or 
three Ci.fi-alkyl groups (eg methyl groups) or wilh. am JV, j\/:subslitirted amidoamine 
group. Preferably the ftinotional dtaivative is a quaternary amine grotrp which is cationic 
and can be advantageously eitploited tat binding DNA in gene troosfection. 

Preferably the related group of the carbo^ylic acid is selected ftom the group 
consisting of a salt, ester, anhydride, acid halide (eg chloride), acyl, amide, imide, nitiile, 
aldehyde and hydrazide. The fanctional derivative may be a carb03cyl proteotisg or 
blocking grot^ or a group chosen to suit the deshsd function of the hypertnanohed 
polyamidoanune. Preiferably the third iireguliffly famnched anadoamioe unit texminates 
in a carboxylic acid group or a functional derivative thereof. 

Pteferably the molecules of the hypedwanohcd polyanvdoamine are chamcterised by 
foimulal: 

r't' 

(I) T-R=»-CO-Y-^f 

wherein: 

Y is a divalent bridging group; 

T together with the group CO to which it is bound is the carboxylic acid or related grov^p 
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or the fiinctiojial dexLvative thereof; 

t' together with the nitrogen to which it is bound is the amine group or fimctional 
derivative thereof; 

R* is an anudoamine unit of formula II: 



(n) -Y'-CO-NH-X-N' 

R? 

(wherein: 

each of X and V which xxmy be the same or different is a divalent bridging group; 
R*is eithfisr 

(a) n consecutive amidoamine moieties of formula HI: 

era) -CY"-CO-NH-X--NH)s-CO-Y-NR^-Y^CO->^^ 



(-whiereim 
s id 0 or 1; 

n is a number gieater than 0; 

each of X» and V wUch may be ft» SOTie of different is a divalent bridgmg group) or 
(b) an anudoamine unit of formula IV 

R* 

(TV) -Y*'-CO-KH-X*-N^ 

(whemn: 
is either 

(a) nx consecutive amidoamine moieties of fomiida V: 
(V) .Y'''-C0.14H.X''-NH.C0.Y.NR^-Y'^C(>^ 



(wherein: 

m is a number greater than 0; 

each of X" and Y'" which may be the same or different is a divaleait bridging group) or 
(b) an amidoamine imit of formula VI 
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(VI) 



/ 




(wherein: 

is X consecutive aimdcsimxi.e moieties of formula VH: 



(vn) 



(wherein: 

X is a number greater than 0; 

each of X"' and Y"" which may he flie same or different is a divalent bridghig group; 



R^ is or is a group as hereinbefore defined for R^*); and 
R' is or is a group as hereinbefore defined for R^T'); and 
R^ is or a group as hereinbefore defined for R*r^); and 
R^ is as hereinbefore defined for R^T^; and 
R^ is either 

(a) p conseeudve amidoamine moieties of formula VIII: 



CVIII) -C0-Y-NR^-y'-C0-NH.X-NR^-(Y".C0.1SIH-X'-NI^ 



(wherein: 

p Is a numb^ of more tlian 2:eto) 

or (b) q consecutive amidoamine moiedes of formula IX: 

(IX) -Ca-Y-NR^-Y'-CO-^IH-X-^ro.^-Y*'.CO.NH-X'-NR^-Y^ 
(wherein: 

q is a number greater than 0) 

or (o) y consecutive amidoamine moieties of formula X 

(X) -CO-Y-m*-Y'<!0-NH-X.NR*-y''<»-NH-X'-NR'-Y"^ 



and 



(wh^ein: 
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y is a number greater flian 0). 

For As avoidance of doubt, nmy be tiie same as or difBerftrtt firom R? (but 
preferably is tiie same), vascy be the same as or difieroit fiom R' (but prefcacabbr is the 
same), may be the same as ot dififeient fewa R' (bat prefetabfy is the same) and R* 
may be the same as or different ftom r' (but pxeferably is the same) 

In a first prefeired cmbodiinent. R* is option (a) and s is 0. 

In a second preferred embodiment R* is option (a) and s is 1. 

In a third prefearred embodiment, R* is option (b) and R^ is option (a). 

In a fourth preferred embodiment, R* is option (b) and R* is option (b). 

Tb.e average moleewlar weight molecule is represented by the a&rementioned formula 
I in "which n4p or ra+q or x+y is in die range 1 to 20. 

Each of Y, y. Y", Y"*. Y"". X, X', X" and X"' which may be the same or 
different may be a cyclic (fig monocyclic) hydrocarbon, (eg aromatio hydrocatbon) 
bridging group, an acyolio heteroatomic bridging groiq>, a heterocyclic (eg 
heteroaromaiic) bridging giroiq? or an acyclic hydrocarbon bridging group (which itself is 
oplionfllly interrupted by or terminates in one or more of a cyclic (fig monocyclic) 
hydrocarbon (eg aromatic hydrocarbon) group, an acyclic heteroatomic groiip, a 
heterocyclic (eg heterowTomatic) group or amide groiq>). The bddgtng groups should be 
chosen so as not to interfere with polymerisation, • 

By way of example, each of Y, Y», Y", Y'", Y"", X, X% X" and X»" which may 
be the same or difffflcent may be a C,.i2-aJkylene or Ci-ia-alkenylene Isridging group 
(preferably a Ci^-aDcylene, particularly preferably a Ci-t-alkylene bridging group) 
optionally interrupted by or terminating in an oxygen atom, one. two or three optionally 
(but preferably) substituted nitrogen atoms, a cycb'c (fig monocyclic) hydrocErbon {eg 
aironatic hydrocarbon) gnnip, a heterocyclic (fig heteroaroniatic) group or an amide 
group. 

Preferably each of Y. Y'. Y", Y"% Y"", X, X', X" and X"' vMch. may be the same 
or diflTerent is a Ci^-Plkylene, particvdarly preferably is a Ci^A-ancylene bridging group 
(eg ethylene). Preferably each ofY,Y'.Y'%Y"%Y"".X.X',X" andX'" is ethylene. 

Pre&rably T is selected fiom the group consisting of CI, O-CO-R", NHR", -NH, 
sN, H, OR'^ and OMet (wheiehi each of R" and R" which maybe the same or differenl 
is lydrogen or an optionally substitutBd Cj-irsUsyl group (fig Ci.6-a]lqrl group); R" is 
hydrogen, an optionally substituted Ci.ia-alkyl group {eg Cx^j-alkyl group) or ]SffiR'°; 
and Met i$ a metal (fig an alkalli or alkaline earth metal)). Preferably T is hydroxyl. 
Pre&iably is selected ftom the groi?) consisting of hydrogen and N-substitueaots 
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te»«l6ring the lutrogen to which they are bound a fimctional derivative of an«ne Ceg one 
or two Ci^alliyl (eg mefjqrl) groups). 

In a preferred embodiment, the hyperferanched polyamidoamine is obtainable hy 
polymeric condensation of a compound in v4dch a nitrogen core is linked to: 
a first .gmidoamine. WJVKUainidoaiiune)amiaoaniine, N,N-AmN- 
diamido?aninc)aimdoami..e „ A^iV-di(iV:'iV-di(ivJiV^. 

dknudoainjne)atoidoamine)amidoaiiiine unit texminaiing in an amine group; 
a second amidoamine, (A^Ar-diamidoamine)wnidoanune, Wdi(?V,iV- 
diamidoamine)amidoamine or KN^^N^CHN. 

diamidoam3ne)amidoanmie)anridoamine imit tei^ating in an amine group; and 
a third imit teoninating in a carboxylic acid or tebted group. 

From a further patentable viewpoint, the ptesent invention seeks to provide on 
improved process for prepari,^ hyperbranched polyamidoamines vrhich is 
«JvantageoTisly carried out in a single step. More particuJarly, the process relates to a 
single step synthesis of a hyperbranched polyamidoamine with a broad molecular weight 
distribution by polycondensatioa without the need fox additional fbnotlonalisation steps 
such as thermal de^dation.' 

Viewed from a further aspect the present invention provides a process &r preparing a 
hyperbranched polyamidoamine comprising: 

(A) inducing polymeric condensation of a compound in wMch a ni trogen core is 
linked to: 

a first junidoamine, (//-amidoamine)amidoamine. iV--(JV-amidoamme)amidoainine or JV- 
(A«.(iV-amidcamine)amidoamine)amidoamine unit terminating in an amine group; 
a second amidoamine, (^•-amJdoanm,e)amidoamuie. JVi(Ar-amidoamine)amidoaliine or 
JV-(W'-(iV-amidoamine)amidoamiQe)amidoamine unit terminating in an amine groupi and 
a third unit termfaiating in a carboxylic acid or related group. 

hi a preferred embodiment of the process, the nitrogen is Knked to 

a first amidoamine. CW-diaraidoamine)amidoamine, N,N-diQ<r,N- 
dianiidoaraine)amidoaiiiine 

or A^JSr-di(iv^iV.di(^;^Ldiamidoamine)almdoamine^ y^t tetnmiatins in an 

amine group; 

a second amidoamine, (iV.Mdiamidoanune)araidoamine. ^W-diCWJAT- 
diaTOidoamine)amidoamine 

or i\^JVldiC^;A^.di(i^>.<fiamidoami^e)am^doaadne)amidoami^e unit terminating in an 
^mine group; and - 
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a third unit tenninadng in a oBrboxylic acid or related group. 

The process advantageously leads to short manirfacrtuimg time* tod xequirea non- 
speoiaUst eqxdpment (eg standard IsOjoxaloiy equipmsnt) bo is uncostly. 

Preferably the amine group is a primary amine gswp- 

Preferably the related grow of caiboxylic acid 5s selected fiom flic group . 
consisting of a salt, ester, anhydride, acid hddde (eg chlaridfi). apyl, amide, imide, nilrile. 
aldehyde and hydiazide. Preferably the third imit terminafces in a caAtwcylic acid group. 

In a preferred embodiment, the compound is offoimula XI 

R'* 

(XO R»^CO.Y-l/ 

wherein: 
. Y is 05 bereinbefore defined; 
r'« Is as hereinbefore defined for group T; 

each of R*^ and R»* which may be the s«ne or different is a group -Y'-CO-NH-X-NHi, 
-Y'-C0-NH-X-NR^*^CY"-C0.NH-X'-NR"R>») (wherein R** is hydrogen or -Y"-CO- 
NH-X»-NR"R"; each of R" and R" vdnoh may be the same or different is hydrogen or 
.Y»»-CO-NH-X"-NR'^^ (wherein each of R^^ and R^" which may be the same or 
different iB hydrogen or -Y""-C0-NH-X-->5H2); and 
Y' X, X* X", X"% Y***, Y"" and Y" are as hereinbefore ddBned). 
Preferably R^^ is hydroxyl. 

In a first prefi«xed embcdim^ R" and R'^ are both die group -Y'-CO-NH-X-NH. 

(an AB^-typa monomer). 

to a second pref«i«d embodiment, R" and R»* are both the group -Y'-CO-NH-X-N- 
(y"-CO-NH-X'-NH3)2 (an AB*-typ« monomer). 

In a third pr^ared embodiment, R" and R'^ are boflx the group -Y'-CO-NH-X-N^ 
(y"-CO>NH-X'-N(Y""-CO-J«I-X"-KH2)2)2 (an AB'-type monomer). 

In a fourdi preferred ambodimettt. R" and R" are both Ihe group -Y'-CO-NH-X-N- 
Cy".CO-l^H-X'-N(Y"'-CO-l«I-X»-NCy'"'<iO-NH-X'"-^^ (an AB^«-type 

monomer). ^ 
Particularly preferably the compound of fommla XI is an AB^-type or AB -type 

monomer. 

In <bB first preferred embodiment. Btq» (A) i$ preferably preceded by : 

(AO) reacting a <£amine of formula T«H2-X-NH> with a compound of formula XH: 
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Y'-CO-R" 

(wherein R^' and R^ wWch may be the same or different are as hereinbefore defined for 
group T and Y% and Y are as hereinbefore defined). Preferably each of R^* and 
which be Ihe same or different (but preferably are the same) is an OCi^-alkyl 
group, particularly preferably OMe. 

la the first preferred embodiment, step (AO) is preferably precseded by: 

(AOO) reacting a compound of formula Xni: 

QCm.) R"-CO-Y-NH3 

(wherein Y and R'^ are as hcreittbefore dejBned) with a Michael addition reagent 
In the second preferred embodiment, step (A) is preferably preceded by: 
(A*0) reacting a diamine of formula NHrX'-NHj with a compound of fiimiula XIV: 



^Y'-CO-NH-X-N(Y"-CO-R")2 



R'^-CO-Y-N'^ 



Y'-CO- NH-X-N<Y"-CO-r2^>2 
(wherein R^ and which may be the same or different are as hereinbefore defined for 
grom> T and X, X', Y, Y' and Y" are as hereinbefore defined). Preferably each of R^ 
and R" which may be Uie same or different (birt preferably are th^ same) is an OCls- 
aUgrl group, particularly preferably OMe. 

In Ihe second prefewed embodimeat. step (A'O) is ptefetably preceded by: 
(A'OO) reacting a compound of formula XV: 

R^ 

(XV) r'^co-y-n 

(wherein Y and r'^ are as hereinbefore defined; and each of R'^ and which may be 
ifee same or different is a group -Y'-CO-NH-X-NHa wheidui X and Y> axe as 
hereiubefore defined) with a Michael addition reagent 

The compound of formula XV may itself be prepared fiom a compound of fbnnula 
XII by step (AO) as hereinbefore defined. 
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In flie third prefeiiBd embodiment, step (A) is pre^iably preceded by: 
(A"0) reacting a dianaine of forawria NHb'X'*-NHa vridi a compound of foimula 
XVI: 

(XVI) Y'-CO-NH*X-N-Y"-CO-NH-X'-N-(Y"*-CO-R")2 

Y'-CO-NH-X-N-Y"-C(>-NH-X'-N-CY*"-CO-R^')i 

(wherein R^^ and R** which may be the same or different are as heteinbefora defined for 
groxjp T and X, X', X", Y, Y% Y" and Y'" are as hereinbefore defined). Prefiaably 
each of R^' and R^* which may be the same or different (but preferably are the same) is 
an OCi.fi-allO'l group, pattididiirly preferably OMb. 

In the third preferred embodiment, step (A"0) is preferably preceded by: 

(A"00) xeacling a compound of formula XVn: 

(XVID R"-CO-Y-N 

R^ 



(wherein Y and R" are as hereinbefOTe deSned; and each of R*' and R^" which may be 
the same or different is a gtonp Y^-CO-NH-X-N-Y^-CO-NH-X'-NHa wherein X; X', 
Y' and Y** are as heieanbefore dej5ned) with a Midtael addition reagent 

The con^und of formula XVH may itself be peepazed from a compound of formula 
XIV by step (A'O) as hereinbefore defined. 
In the fourCh preferred mbodiment, step (A) is preferably preceded by: 
(A*"0) reacting a diamine of fotmula KlHa-X'"-VfH2 ^ivifli s compound of foimula 

xvni: 

(xvni) 
r"-co-y-n^ 

V-CO-NH-X-N-y '-CO-NH-X'-N-Y' "-CO-NH-X' '-N-(y " ' "-CO-R.")i 

(wherein R^' and R^* which may be the same or different are as hereinbefore defined for 
group T and X, X', X", X"% Y, Y', Y»». Y"' and Y"" are as hereinbefore defined). 
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Preferably each of R^' and K^vAich may be the same or different (but pi^eiably are fto 
same) is an OC,^-glkyl group, particularly preferably OMe. 

In the fourth preferred embodiment, step (A' "0) is preferably preceded by: 

(A"'00) teacfting a compound of formula XIX: 

(XIX) r'^-co-y-n'^ 

(wherein Y and R'^ Eire as hereinbefore defined; and each of and which be 
the same or different Is a group Y*-CO-NH-X-N-Y'*-CONH-X*-N-Y"'-CO-NH-X"- 
NH2 wherein X, X', X'% Y*, Y" and Y"' ar« as heidnbefote defined) «dth a MSnhael 
addition reagent. 

The compound of formula XIX may itself be prepared gom a compound of formula 
XVI by step (A"0) as hereinbefore defined. 

Steps (AO). (A'O). (A"0) and (A'"0) may be carried out in a suitable solvent (eg an 
alcohol such as methanol) at low tempeiralure (eg-0*C). 

■n« Michael addition of steps (AOO), (A'OO). (A"00) and CA'"00) may exploit any 
conventional Michael addition reagent. Pxeffened is an alkyl adyiate (stich as & Ci^ 
alkyl aciylate). particnlarly preferably methyl acrylate. TypicaUy ihc alkyl emylate is 
present in acetonitiile or the cotrcspondii^ alkyl alcohol (eg methanol for mefliyl 
acrylatc). 

Polymeric condensation may be induced conventionally^ eg ihetmaUy or usi^g an 
amide coupling agent. The latter has the advantage that polymeric oondenaation may be 
carried out at room tenqperature. 

Thennal condensation is typically carried out at an elevated temperature in excess of 
lOO^'C (eg 200*0 and may be carried out at less than ambient pressure (eg under high 
vacuum such as at about CSmniHg). 

Polymeric condensation may be carried out using an amide coupling agent Numer 
OU5 amide coupUng agents are Imown to the skilled pei^n (see inter alia Handbook of 
Reagents for Organic Synthesis: Activaflng Agents and Pkotccting Group?, A. J. Pearson 
and W. R. Ronsh. John Wiley and Sons. CMchester. 1999) and include 
triphenylphoq>hita^yridine in N-rnethylpyrroHdinone (ra^> 

in. the range 40-200-0. ben2otdazol-I-yloxyttis(dimethylamino)pho8phQmum 
hexafluorophosphate (BOP) in hlMP typically at a temperature in flie range 20-100-C or 
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4-(4.6-dime1iloxy-1.3,^triaan-2yl)-4WbylmolphoUtt^um chloride (DMT-MM) in 
methanol or water typically at room tetnpetature. 

The product may be purified via preparalive ooltmrn chroniRtography ^ Srade 
products) or dialysis (for general use). 

The process further comprise the step of: 
(Bl) ftinctionally derivatising the amine firo^s in which the first and second irregularly 
blanched amidoaooine units terminate. 

The process may fiirther comprise the step of: 
(B2) functionaUy deriwtisins the carboxyUc add or related group irx which the third 
inegularLy braruRhed wnidoaminc unit tcnninates. 

Suitable reagents and conditions for steps (Bl) and (B2) will be famihar to those 
sldJkd in the art For example, step (Bl) comprises rendering Jhe terminal arorae groups 

catlonic (eg- in aqueous solvtion)- 

Viewed from a yet further aspect the present irxv^on provides a composition 
comprising a hypecbranched polyamldoamine as herembefoie defined together vdih an 
agent selected from the gro^p ccmsiating of a therapeutically or prophylaoticaUy active 
agent, an in vtvo occurring or m vitro generated nucleotide (eg a polynucleotide or 
oligonucleotide such as a virus or fragment Ihereof, expression vector, gene or fragment 
thereof, DNA ieg a single, double or multiple strand thereof) or KNA (eg a single, 
double or multiple strand thereof), a diagnostic ageM (eg a diagnostic contrast agent 
being or containing a nuUonucUdic. paramagnetic* superparamagnetic, ferromagnetic, 
fenimagnetic. antifeiromagnetic, diamagnetic, fluorescent, phosphorescent, luminescent, 
chemilummescent, X-my absorbent, XJV absorbent, IR absorbent or ultrasound absorbent 
species), a pesticide, a toxin, a proteto (eg an immunoglobulin such as an antibody (or 
fragment thereof)), an antigen, a peptide, a nucleic aoid, an anuno acid and a bioactive 
agent. 

The hyperhrandied polyamldoamine may couple wifli, encapsulate, complex or bond 
to (eg covalOTtly bond to) the agent Fte use &i vivo, the oompoation is in 
pharmaceutically acceptable fonn and where appropriate may fijrther comprise one or 
more physiologicaUy tolerable carriers, adjuvants or exdpients- Typically the 
composition is a solution, suspension or emulsion (eg m aqueous sohilion, suspenaon or 
emulsion). 

In a preferred «nbodiment» tiie composilion comprises: 
a hyperbranched poJyamidoamine as henrinbefore defined bound to a nucleotide or 
polynucleotide (such as a virus or fragment Iheieo^ expression vector, gene or ferment 
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thereof DNA (eg a single, double oar multiple strand theteo^ or RNA (eg a single, 
double or multiple strand thexeoO). By way of example, tiie DNA or RNA may be 
genoudc DMA, niRNA, cDNA or aRNA. Particularly preferably the composition 
comprises: a hyperbranchsd polyanndoaiaine as hereinbefore defined bound to DNA (eg 
a single, double or multiple stcand thereof. 

The hyperbranched polymer may be . used to transfect cells or tissues in vitro (eg by 
straightforward incubation tsechniques in suitable media familiar to tbose skilled in the 
art) or in vivo by suitable admimsttation protocob (eg routes and doses). 

For use as an in vivo transfection agent, the compositicn is preferably an aeiueons 
solution of the hyperbranched polyamidoanjiine. For example, the iransjfection agent may 
be a bufifered aqueous solution of the hyperbranched polyamidoamine. For example, 
approximately Img of the hyper branched polyamidoamin© of the invention may be 
provided in a buffered aqueous solution of ImL 

Viewed fiom a yet stiU ftjrther aspect the present invention provides hypetbianched 
polyamidoamines (or compositions thereof) for use in therapy or prophylaxy. 

Preferably the hyperbranched polyamidoamine (or conjposition fliacBoQ fer use in 
therapy or prophylaxy in accordance with this yet stiU flirthar aspect of the mvention is 
as hereinbefiore defined. 

In an embodiment, the hyperbranched polyamidramine is used in therapy or 
ptophylaxy as a deUvery agent for a therapeutically or prophylactically active agent (eg 
drug). 

In a prefeixcd embodiment, the hyperhtanched polyamidoamine is used in gene 
therapy or prophylaxy. Preferably the hyperbranched polyamidoaxnine is )ised in gene 
therapy or prophylaxy as a nucleotide (eg DNA) canier, a transfeoliott agent or a vector. 

The hyperbranched polyamidoamines of the invention are exceedingly versatUe and 
may be used in numerous fields. 

Viewed fiom an even stiU farther aspect the present invention provides the use (in 
vtvo or in vfiro) of a hyperbranched polyamidoamme as herdnbefoi^ defined as a 
carrier, substrate or si:q)porL 

The use of the hyperbranched polyamidoamme is preferably as a imoleotidB (eg 
DNA) canrier, transfection agent or vector, or as a support or substratB (eg a solution 
phase support or substeata) in comWnatorial chemistry, oatalysU, surfece coatins. 
implant coating and photoactive systems. 

Viewed fiom a yet even sUU fiirfher aspect the present invemtioapKivides the use of a 
hyperbranched polyamidoamine for the preparation of a coii?>odtion (eg medicament)- 
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for combatting (eg treating or preventing) genetically related oondltions or disorders. 

Preferably tfae hyperbrancbed polyaniidoatxdne in accordance vidth this yet even still 
flirtber aspect of the mvention is as hereinbefore defined. 



a ftirfhex patentable aspect of the inv^tion. 

Viewed firom an even fbrflxer aspect the present invention provides an intermediate of 
formxda XI as hereinbefore defined. 

Li a first preferred embodimetit of the intermediate, 'R}^ and R}^ are both the group 
-y-CO-NH-X-NHa. 

In a second preferred embodiment of the intermediate, R^^ and R*** are botii the group 

-Y'-Cp-NH-X-N-(Y"^CO-NH-X'-NH2)2. 

la a third preferred embodiment of the intermediate, R^^ and R^"* are both the group - 
Y'-CO-NH-X-N<y-*^CO.ira-X'-N(Y'"-CO-NH-X"-N^ 

In a fourth preferred embodiment of intermediate, R^^ and R^^ are botii the group - 
Y^-CO.NH-X-N-(Y^'"CO-NH-X*-NCY'''.CO-NH-X" 

The present invention will now be illustrated in a non-limitative manner with 
reference to the followii:]^ Example and Figures 1 and 2 in which: 

Fig^ 1 illustrates the synthetic steps for preparing ABi and AB4 type monomers; and 
Figure 2 illustrates ptelixninaiy results for transfection using hyperbranched polymers of 
the invention. 



The synthesis of monomers for polymerisation is mitiated ftom a p-alanine core X and 
follows a two-step (for an AB2 type monomer) or four-step (for an AB4 type monomer) 
iterative procedure (5ec Figure 1). Growfli of the monomer (PAMAM) units is 
pexfOOTied by standard PAMAM synthesis described elsewhere (see for example 
TomaUa«2^£rZ;Polym. J, (Tokyo), 1985, 17, 117-132). 

Sp&ciffQ Conditions for the Synthe&Js of Intermediate 2 

A 250ml round-bottomed flask was charged with the reagents ^-alanine 1 (20g, 
0.225moles), methyl acrylate (80ml, 0.9moles) and triethylamine (65inl, 0.46TOoles) then 
the mixture dissolved in anhydrous methanol (250ml). The solution was cooled to O^C in 



As novel intermediates, certain compounds of jforraula XI defined hereinbefore form 



Example 
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ice and stirred under a dry atmosphere for I hour. The reaction was then stirred for 2 
days at room temperature. After tihie reaction was complete the excess reagents and 
solvent were rentoved under reduced pressure to give a free-flowing honey coloured oil, 
yield 99%. 250MHz NMR CDCI3 8h 237 (t, 2H, C^jCOOH); 2.47 (t, C^CO); 
2.74 (t, 2H, C^^CHiCOOH); 2.80 (t, 411, NC^; 3.63 (s, 6H, OQH^); 9 AX (bs, IH, 
COO£). 5c 31.5, 32.3, 48.3, 49.1, 51.2, 172.2, 175,6. IR 3410, 2955, 2844, 2622, 2490 
cm-^Xm«1735cm"'. MS (ES"^ MH^ 262. 

Spec/fife Commons for the Synttiests ofABz ts^e Monomor 3. 

The cster-terminatcd intermediate 2 (S3g, 0.203moles), was dissolved in 150ml 
anhydrous methanol and added dropwise, over a period of hour^ to a stinred solution of 
ethylene diamme (Slml, L218moles) in methanol (200ml) at O^C. Afljet addition of the 
monomer was complete the reaction was stiixed at room tempeiatuze imder nitrogen &r 
7 days. Solvent and excess e&ylene diamine was removed via rotary evaporation. Final 
traces of ethylene diamine were removed (as determined by OC and NMR) by placing 
the product under a high vacuum for 5 days {p.2inniH^. This gave Ifae desized AB2 'Q^s 
mononKsr as a thick orange oil, yield 98%. 250MHz NMR d«-DMSO 6h 2.08(bt, 2H, 
CgtCX)OH); 2.19 (bt, 4H. CJSfeCO); 2.50-2.70 (bm. lOH, lesidual CHa's); 3.10 (bq, 4H, 
C^iNH); 8.22 (bt, 2H, Ng). 8c 34.4, 37.0, 40.7, 40.9, 50.8, 51.3, 173.5, 178.9. BR. 3270, 
3068,2938, 2169, 1651 om-\ Xbk« 1557 cm'*. MS (FAB)MHr 318. 

SpeaWo Condttforxs for ttm Synthesis aftntermedlatB 4 

The AB2 type monomer (12.158g, 3.835x1 0'^oles in 50ml cmliydious meftanol) was 
added dropwise to a stiirad sohitxcn of methyl aorylate (21ml. 0.23niolcs) in metibanol 
<S0mI) over a period of 30 mimites at 0°G under a dry atmo^exe. The reaction was 
Hben stirred for 2 dcQrs at room texoperature. After the leacdon was complete the ^cess 
methyl aciylate and solvent were raoaoved undo: reduced ptessute to give a thick orange 
Oil, yield 98%. 250MHz NMR CDCb 8h2.25-2.47 (m, ISH, Cj^N); 235-2.85 (series of 
triplets, 14H, CgjCO); 3.15 (bq, 4H, NHCSi); 3.S2 (s. 12H. OC^); 7.02 (bt, 2H. Nfi); 
7.68 (bs, IH. COO®. 5e 31.2. 32.1. 32^, 32.4, 36.6, 48.7, 48.9, 51.4, 52.4, 61.9. 171.0, 
172.7. 174.6. IR 3297, 2952, 2829, 2045 cm'- W 1732 cm"'-. MS (FAB) MH* 662. 

Sp6Cinc CondSUans forihe Synihesis ofABrfype Monomers 
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The e$ter-teiminated intermediate 4 (23.37g, 3«536xlO'^moles), was dissolved in 
lOOml anhydrous methanol and added dropvrise over sn hour to a stirred solution of 
ethylene diamine (190ml, 2.SmolBs) in meflbianol (100ml) at 0*C. After addition of the 
monomer "was complete the reactiozx vfBS stirred at room t^petature for 9 days. Solvent 
and excess ethylene dianune '^ms removed via rotary evaporation. Final traces of 
ethylene diamine were removed (as determined by GC and NMR) by placing the product 
under a high vacuum for 5 days (0.2mmHg). This gave the desired AB4 monomer as 
thick orange oU in quantitative yield. 250MHz NMR ds-DMSO 8h 2.10-230 (series of 
broad triplets, 14H, CI^CO); 2.40-2-75 (bm, 26H, residual CHi^s); 3.00-3.25 (bq, 12H, 
C^NH); 8.06 (bt, 2H, NH); 8.36 (bt, 4H, NJ2). Sc 34.6. 37.1, 38,0. 42.4, 43.3, 50.7, 
51.1, 51,6. 52.2, 53^, 172.9, 177.7, m.3271, 3063, 2935, 2863, 2359, 2341 cm"^ ?w 
1648 cm-^ MS (FAB) MH^ 774- 

Speciffc PmcBdurB for the Buik TAerma/ PQlymerisailon of ABz and AB^typ& 
Monomers 

The desired monomer was placed in a reaction tube and heated to 200°C, under high 
vacuum (standard laboratory pump, - O.SmmHg), for 24 hours. Th.c crude polymers 
•wfere isolated as a glassy orange solids. Purification via membrane filtration (using a 
membrane bag with a 2.4nm cut-oflT ) jwovided the final polymer in 40-70% yield. 

Spectral data foMBz'i}^^ pofymer: 250MHz NMR d^-DMSO 5h 1 .00-4-50 (series of 
broad multiplets, NS) 1-0-2-8 (CS^N and C^O H), 2.8-4.5 (CffiNH H); 7.70-8.80 
(broad singlet. HH). lOOMHz NMR de-DMSO 6c 29.3, 29.5, 31.5, 31.9, 32.6, 33^, 33.4, 
34.0, 36.5, 37.8, 38.5, 38.8, 39.5, 43.3, 43.7, 44.2, 45.7, 49.6. 49.8, 50.O. 50.3, 50.6, 
51.0, 51.4, 51.8^ 52,0, 52.2, 52.7. 53.0, 53,5, 54.1, 158.8^ 168.2, 168.9, 171.3, 171.7, 
172.5, 172,7, 173.0, 173.3, 173,4. GPC analysis (water, pH 4.5) Mw 5828, PD 2.4, (M«i.j 
15707), TQA degradation onset 272''C, 10% wt. Joss 331**C. 

Specifiu ProcBtiure for Pot/oondensBHon of AB^iype Monomer using 
TPP/pyridino Condensing AgBnt 

The ABj-type monomer (0.793g, 2.5x10^ moles) was dissolved inNMP (2^ml) 
-with heating and then placed under a nitrogen atmosphere at lOO^C. To the solution was 
added TPP (660^1, 2,5x10"^ moles) and Rnddine (625|al, 7.75x10"^ moles) via syringe 
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and the reaction stfired mtd^ nitrogen at lOO^'C for 3>/=h. The final orange/red reaction 
mixtuw was then quenched with methanol (20n,l) and precipitated into ethyl acetate 
(200ml). The polymer was isolated as a sticky yeUow solid in 60% yield. 250MHz NMR 
dtrDMSO 5h 2.t 0-3.50 (series of broad nwltiplets, 58H relative to aU protons); 
8.10-8.60 (broad singlet, 8H. NH). 63MHz NMR de-DMSO Sq 15.2, 21.9, 33.7, 34.3, 
36.6, 37.1, 37.9, 38-7, 39.6. 39.8, 453. 50.3, 52.2, 60.9, 153,7, 153.8, OPC analysis 
(vAater, pH 4.5) M« 3409, PD 2.6, M^^-i 12026. TGA degradation onset 153»C 10% wt 
loss 229°C. 



AU^rnative Procedures for PofycondtiiSOtion qf AB^pe and ABf^ Monomas 
using a Condensing Ageni 

The AB„-type monomer (1.0x10"^ iboles) in sdlvewt (5jnl) with wanning in a 3- 
nfecked round bottomed flask. Nitrogen was bubbled ihrougbt ti» monomex sohxtion for 
15 minutes then the condensing agent(s) (lJ25xlQ-^ moles) were added. The solution 
mixture was stirred imtil polymerisation was complete (as jujjgpd by GPC). The product 
was collected and purified via memhnme filtration (using a membrane bag with a 2.4nm 
cut-off). Alternative condensing agents inchide triphenylphospititw^dine in N- 
methylpynolidinon© (NMP) at varioua t^mpetattires &oxa 40-200^ or BOP 
(benzotriazoH-yloxytris (dimethyl! miuo) phosphonium hcxafluoraphosphate) in>flviP 
at ternperaturea ftom 20-1 00°C, DMT-MM (4-(4,6-dimBHioa£y-1.3^-triaaaiH2yl)-4- 
methyhnoipholinium chloride) In mi sthanol or water at loom temperature. 

Pntiminary Tmnsfeotion Results 

For all iransfection experiment^ 2ng of plasmid DMA (/acZ, 7.2]kb) was mixed with 6ng of a 
to AB^type hyperbranched potyamidoamine of the invention (A) and an AB4^type 
hyperfwanched polyamidoamine of the invention (B). These amounts resulted in complexes 
having a 1:3 ratio of DNA to hypeihranched polyamidoamine. The transfection efiiciency 
against a variety of ceU lines (includinfi EAhy 926. HSVEC 1, HEK 293) was assessed using 
a standard p-galactosidase assay. The results for the hyperbranched polyamidoamines A and 
B for HEK 293 aze shown in Figure 2 alongside tlie result for SUPERFECT'^ (C), a PAMAM 
dendruner with 64 tennhaal grot^js (D) and a control (E). 
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